We have identi®ed the Xenopus homologue of Drosophila Enhancer of Zeste using a differential display strategy designed to identify genes involved in early anterior neural differentiation. XEZ codes for a protein of 748 amino acids that is very highly conserved in evolution and is 96% identical to both human and mouse EZ(H)2. In common with most other Xenopus Pc-G genes and unlike mammalian Pc-G genes, XEZ is anteriorly restricted. Zygotic expression of XEZ commences during gastrulation, much earlier than other anteriorly localized Pc-G genes; expression is restricted to the anterior neural plate and is con®ned later to the forebrain, eyes and branchial arches. XEZ is induced in animal caps overexpressing noggin; up-regulation of XEZ therefore represents a response to inhibition of BMP signalling in ectodermal cells. We show that the midbrain/hindbrain junction marker En-2,and hindbrain marker Krox-20, are target genes of XEZ and that XEZ functions to repress these anteroposterior marker genes. Conversely, XEZ does not repress the forebrain marker Otx-2. XEZ overexpression results in a greatly thickened¯oor of the forebrain. These results implicate an important role for XEZ in the patterning of the nervous system. q
Introduction
The temporal and spatial regulation of homeobox genes during the development of Drosophila melanogaster is thought to take place via a two step mechanism. Firstly, expression is initiated by transiently acting transcriptional activators and repressors (gap and segmentation genes) and secondly, maintenance of expression is achieved by protein products of the trithorax group (trx-G) and the polycomb group (Pc-G) genes. These two families act antagonistically; the trx-G proteins maintain the transcriptional status of activated homeobox genes and the Pc-G proteins maintain inactivated genes in a silent state (reviewed in Orlando and Paro, 1995) . Pc-G proteins form multimeric protein complexes at transcriptionally inactive chromatin sites and are believed to be responsible for maintaining target genes in a silent state (Franke et al., 1992; DeCamillis et al., 1992;  reviewed by Pirrotta, 1997) . The mechanism underlying this silencing is unknown although it has been suggested that it could involve the formation of highly condensed chromatin domains similar to heterochromatin (Paro and Hogness, 1991) .
Enhancer of zeste [E(z)]
was ®rst identi®ed as a dominant gain-of-function modi®er of the zeste1-white interaction in Drosophila (Kalisch and Rasmuson, 1974) . The X-linked white locus is required for pigmentation of the Drosophila eye and its expression is repressed by the z1 allele of the zeste (z) locus (Jack and Judd, 1979; Gelbart and Wu, 1982; Zachar et al., 1985) . E(z) mutants also produce homeotic transformations caused by ectopic expression of segment identity genes of the Antennapedia and Bithorax complexes (ANT-C and BX-C). This is a phenotype seen in Pc (polycomb) gene mutants and was the observation that led to the initial classi®cation of E(z) as a Pc-G gene (Jones and Gelbart, 1990) . E(Z) has been shown to co-localize with other Pc-G proteins, as part of a multimeric protein complex, at many chromosome sites (Carrington and Jones, 1996) . In Drosophila, E(Z) protein has been shown to be required for suppressor of zeste (2) [Su(z)2] and Posterior sex combs (psc) proteins to associate with chromosomes (Rastelli et al., 1993) . Furthermore, E(Z) protein has been shown to directly interact and co-localise with the Pc-G protein, ESC (extra sex combs) at multiple chromosomal sites (Tie et al., 1998) . The signals that initiate Pc-G gene silencing are currently unknown, but are thought to be strongly correlated with the initial transcriptional status of a target gene when Pc-G silencing is implemented (Poux et al., 1996; Pirrotta, 1997) .
In vertebrates, the homologues of E(Z) and ESC, EZ(H)2 (human Enhancer of Zeste homologue 2) and EED (embryonic ectoderm development), are also able to directly interact (Sewalt et al., 1998) . In a recent study of the EED/EZ(H)2 protein complex, it was suggested that Pc-G repression of transcription involves histone deacetylation via a direct interaction between EED and histone deacetylase proteins (van der Vlag and Otte, 1999) .
Although E(z) has been classi®ed as a Pc-G protein, there is also evidence that it can act as a Trx-G protein (LaJeunesse and Shearn, 1996) . Trx-G proteins are characterized by the presence of a SET domain at their C-termini and all E(Z) homologues characterized in Drosophila and other species also contain SET domains (Goodrich et al., 1997; Grossniklaus et al., 1998; Jones and Gelbart, 1990; Tschiersch et al., 1994; Holdeman et al., 1998; Hobert et al., 1996a) . At different developmental stages and in different tissues E(Z) can be involved in either the activation or repression of a given homeotic selector gene. The SET domain may determine whether E(z) acts as either a trx-G or Pc-G gene (LaJeunesse and Shearn, 1996) .
Enhancer of zeste is highly conserved in evolution and is found in plants, insects, nematodes and vertebrates (Goodrich et al., 1997; Grossniklaus et al., 1998; Jones and Gelbart, 1990; Holdeman et al., 1998; Hobert et al., 1996a) . It is interesting that the only Pc-G genes identi®ed in C.elegans are homologues of E(z) and esc (mes-2 and mes-6 respectively) (Holdeman et al., 1998; Korf et al., 1998) , suggesting that these genes can function independently of other Pc-G genes in nematodes, and possibly also function at least partially independently in¯ies and vertebrates. Two homologues of Enhancer of zeste have been isolated in mice and humans, EZ(H)1 (also termed enx-2) (Abel et al., 1996; Ogawa et al., 1998) and EZ(H)2 (also termed enx-1) (Chen et al., 1996; Hobert et al., 1996a) . During Drosophila and mouse early embryogenesis expression of Pc-G genes is uniform, their spatially de®ned range of action is thought to be re®ned by the localized expression of other transcriptional regulators (Paro 1990; Pearce et al., 1992; Alkema et al., 1995) . EZ(H)2 is ubiquitously expressed at very early stages of mouse embryogenesis but in later development becomes restricted to organs of haematopoietic activity and the nervous system (Hobert et al., 1996a) . It has also been shown that the proto-oncogene product, Vav, which plays a critical role in haematopoietic signal transduction, interacts speci®cally with EZ(H)2 via the Box 2 and Box 3 regions (Hobert et al., 1996b) . Studies in cell lines suggest that EZ(H)2 is necessary for proliferation in haematopoietic cells (Fukuyama et al., 2000) . EED and BMI-1 have an antagonistic role in haematopoietic cell proliferation; EED repressing and BMI-1 enhancing proliferation. (Lessard et al., 1999) . BMI-1 enhances proliferation by repressing the ink4a locus (Jacobs et al., 1999) ; the gene products of the ink4a locus, p16INK4a and p19ARF, antagonize the formation and activation of cyclin D-CDK4 complexes (reviewed by Vidal and Koff, 2000) . It has been suggested that EZ(H)2 might interfere with the repressive effect of EED by interacting with EED (Fukuyama et al., 2000) . Furthermore, EZ(H)1 expression has been shown to be elevated in Neuro-2a cells induced to undergo neuronal differentiation in response to serum deprivation (Ogawa et al., 1998) . Less differentiated cells were observed to produce higher levels of EZ(H)1 protein than more highly differentiated cells, suggesting that EZ(H)1 functions at early stages of neuronal differentiation.
Xenopus Pc-G genes show more spatially restricted patterns of expression than seen in higher vertebrates and are all expressed in the nervous system (Reijnen et al., 1995; Yoshitake et al., 1999) . To date four Pc-G genes, XPolycomb (XPc2), Xbmi-1, Xenopus Polycomblike-1 (XPcl1) and Xenopus Polycomb homologue (XPc1) have been cloned in Xenopus laevis (Reijnen et al., 1995; Yoshitake et al., 1999; Strouboulis et al., 1999) . All four genes are expressed at high levels maternally and expression declines around the time of gastrulation. It has been shown that XPc1 mRNA is masked until the blastula stage, being complexed with storage mRNPs, and XPc1 protein is ®rst detected in embryonic nuclei in gastrula-stage embryos (Strouboulis et al., 1999) . Zygotic expression of XPc2, Xbmi-1, XPcl1and XPc1 begins at stages 15, 19, 19 and 22 respectively. Both Xbmi-1 and XPcl1 are restricted to anterior domains of expression; Xbmi-1 is restricted to the head and anterior spinal cord whilst XPcl1 is restricted to brain and eyes (Reijnen et al., 1995; Yoshitake et al., 1999) . XPc2 is expressed along the anteroposterior axis in the nervous system and mesoderm (Reijnen et al., 1995) whilst spatial expression data for XPc1 is not available. Anterior neural defects have been produced by overexpressing Xenopus Pc-G genes (Yoshitake et al., 1999) . Overexpression of Xbmi1or XPcl1 results in thickening of the roof and¯oor plates of the forebrain and midbrain and represses expression of En-2. XPc1 has been shown to mediate gene repression but in contrast to EED, this repression has been shown to be independent of histone deacetylase activity (Strouboulis et al., 1999) .
In an attempt to isolate novel genes expressed early during neural differentiation, we have exploited the Xenopus animal cap system. Anterior neural differentiation is induced in Xenopus when BMP-signalling is inhibited by the secreted proteins noggin, chordin, follistatin, Xnr3 or cerberus (Zimmerman et al., 1996; Piccolo et al., 1996; Temura et al., 1998; Hansen et al., 1997; Piccolo et al., 1999) . Xenopus animal caps can be induced to undergo anterior neural differentiation by dissociating the caps in saline lacking divalent cations, a mechanism that is believed to work by washing away BMPs which promote epidermal differentiation. We have used differential display to screen for genes that are upregulated when animal caps undergo dissociation. RNA ®ngerprints of animal caps dissociated and processed immediately were compared to RNA ®nger-prints from caps dissociated and incubated over a range of times. One of the clones identi®ed was Xenopus Enhancer of Zeste (XEZ). Unlike other known Xenopus Pc-G genes, XEZ is not expressed maternally. Zygotic expression of XEZ commences much earlier than other Xenopus Pc-G genes, is restricted to the anterior nervous system, and represents an early response to inhibition of BMP signalling. This study also identi®es En-2 and Krox-20 as target genes of XEZ.
Results and discussion

Cloning and sequence analysis of Xenopus laevis Enhancer of zeste (XEZ)
In order to identify novel genes expressed early during anterior neural differentiation, we used differential display to screen for genes upregulated when animal caps undergo dissociation. Animal caps were removed from Stage 9 Xenopus embryos and disaggregated in BarthX A saline lacking divalent cations. Differential display was performed using cDNA, reverse transcribed from RNA isolated from disaggregated cells, taken at time 0 and samples taken after 3, 12 and 24 h of dissociation. Differentially expressed transcripts were identi®ed by the appearance of new bands following disaggregation. One of the bands identi®ed, termed P1B, was detected after 3 h of dissociation and when cloned was found to be 198bp in length. P1B showed signi®cant similarity to the 3 H UTR of human enhancer of zeste homologue 2 [EZ(H)2] and was used as a probe to screen a stage 10.5 Xenopus laevis lZAP cDNA library. This resulted in the isolation of a clone of 2772bp (accession number: AF351126) containing an ORF of 2244bp that is 80% identical to human EZ(H)2. The clone, termed XEZ, codes for a protein of 748 amino acids (Fig. 1A) . XEZ shows high evolutionary conservation, being overall 96% identical to both mouse and human EZ(H)2, 66% identical to both mouse and human EZ(H1) and 57% identical to Drosophila Enhancer of Zeste [E(z)] at the amino acid level. In common with Enhancer of Zeste homologues in mammals, insects, nematodes and plants, XEZ contains a C-terminally located SET domain. XEZ also contains the CXC domain (Hobert et al., 1996a) , conserved between insects and mammals in which the spacing of 17 cysteine residues is conserved (Fig. 1B) .
Temporal expression pro®le of XEZ
We have performed RT-PCR to show the temporal expression pro®le of XEZ (Fig. 2) . Levels of XEZ mRNA were analysed in the unfertilized egg and at a number of embryonic stages between 32-cell stage and stage 41 using XEZ gene speci®c primers. In contrast to XPolycomb, Xbmi-1 and Xenopus Polycomb-like (XPcl1) which are expressed at high levels maternally (Reijnen et al., 1995; Yoshitake et al., 1999) , maternal expression of XEZ was not detected. Zygotic expression of XEZ commences at low levels in the late blastula, increasing at mid-to late-gastrula stages, peaking in the early neurula and is still detectable at stage 41. The onset of zygotic XEZ expression is much earlier and Drosophila E(Z) were compared to XEZ protein sequence using Align Plus Version 3.0. Each block represents 13 amino acids and identity to XEZ is shown as greater than 60%, greater than 50%, greater than 40% or less than 40% (shown as line). Box 2 and 3 are part of the region which interacts with the Vav proto-oncogene product. NLS is the nuclear localization sequence. CXC domain is found in E(Z) homologues and consists of a cysteine-rich domain in which the spacing of 17 cysteine residues is conserved between insects and mammals. The C-terminally located SET domain is conserved between Trx-G proteins.
than other Xenopus Pc-G genes; zygotic expression of XPolycomb is ®rst detected at early neurula stage (Stage 15) whereas Xbmi-1 and XPcl1 are ®rst detected in the late neurula embryo (Stage 19) (Reijnen et al., 1995; Yoshitake et al., 1999) .
Expression of XEZ is restricted to the anterior nervous system
Wholemount in situ hybridization shows that expression of XEZ is restricted to the anterior nervous system from stage 14 to 27 (Fig. 3A±C ). In the stage 20 and 27 embryos this anterior neural expression appears graded, with the strongest expression in the most anterior regions (Fig.  3B,C) . XPcl1 and Xbmi-1 are similarly both restricted to anterior domains of expression at tailbud stages, whereas Xpolycomb is expressed along the entire anteroposterior axis (Reijnen et al., 1995; Yoshitake et al., 1999) . Expression of XEZ later becomes restricted to the forebrain, eye and branchial arches in the Stage 35 tadpole (Fig. 3D) . XEZ expression is not detected in the midbrain and hindbrain. In contrast, XPcl1 is expressed in the forebrain, midbrain, hindbrain, anterior spinal cord and eye at Stage 33 (Yoshitake et al., 1999) . Expression of XEZ is highest in the ®rst branchial arch, less in the second arch and is greatly reduced in the third and fourth arches. Signi®cant maternal expression is not detected. Zygotic expression of XEZ commences at low levels in the late blastula stages, increasing at mid to late gastrula stages, peaking in the early neurula stages and is still detectable at stage 41. Stage 41 cDNA is used for the linearity control and ODC is used as a loading control.
The spatial expression of XEZ was further analysed by dissecting the nervous system from stage 25 embryos and cutting into three equivalent sized pieces (Anterior, Middle and Posterior). RT-PCR analysis showed that expression of XEZ is highest in the anterior tissue, is reduced in the middle section and is barely detectable in the posterior tissue (Fig.  4) , supporting the observation that expression of XEZ is anteriorly restricted and graded posteriorly.
XEZ is induced by noggin
Since XEZ was isolated from a differential screen that selected for genes upregulated when BMP signalling is removed from animal cap cells, the expression of XEZ was analysed in animal caps from embryos injected with noggin mRNA which induces anterior neural markers. One-cell stage embryos were injected with approximately 0.8 ng noggin mRNA and cultured to stage 9. Animal caps were taken and cultured to Stage 13, 20, 28 and 32. RT-PCR analysis showed that at stage 13, XEZ expression is highly induced in noggin injected caps compared to a much lower level of expression in control caps (Fig. 5 ). However, the high level of expression is not maintained and XEZ expression is only slightly increased in animal caps overexpressing noggin analysed at Stage 20, 28 and 32.
Overexpression of XEZ results in thickening of the¯oor plate in the forebrain
Injection of an RNA into Xenopus embryos is often used to assess the developmental consequences due to overexpression of a gene. The function of XEZ in the anterior nervous system was investigated by targeted injection of XEZ mRNA. Approximately 0.4 ng of XEZ mRNA was Fig. 4 . XEZ expression is anteriorly restricted. Dissection series of stage 25 Xenopus laevis embryos analysed by RT-PCR. Stage 25 embryos were dissected as shown in the insert picture into three equivalent axial pieces, A, anterior; M, middle; P, posterior; the endoderm was removed. Duplicate samples 1 and 2 both consisted of 5 embryos. Analysis shows the expression of XEZ is highest in the anterior nervous system, is reduced in the middle section and is barely detectable in the posterior in both dissected embryo pools. Whole embryo control cDNA at stage 25 was used for the linearity and EF1a was used as a loading control. Since the sections of neural tissue were equal in terms of regional identity, but only approximately equivalent in terms of amount of biological material, it is not reasonable to equalize loading of cDNA between samples (as shown by the EF1a signal). RT-PCR analysis shows that at stage 13 XEZ expression is highly induced in noggin animal caps compared to a much lower level of expression in control animal caps. However, this high level of expression is not maintained and XEZ expression is only slightly higher in animal caps overexpressing noggin compared to control caps at stages 20, 28 and 32. Stage 32 whole embryo cDNA was used as input for the linearity and EF1a was used as a loading control. injected into both dorsal blastomeres (total of 0.8 ng) at the 4-cell stage and the resulting tadpoles were inspected for morphological alterations compared to uninjected controls. Apart from a slight uneven appearance to the epidermis, no obvious gross phenotype alteration was noted. The tadpoles were then sectioned at stage 37 to examine the effects on the morphology of the internal structure, and in particular of the nervous system being the main region of XEZ gene expression. Tadpoles consistently showed thickening of the¯oor plate region in the midbrain (Fig. 6 ) (phenotype observed in 12/12 specimens, in randomly chosen embryos from two independent experiments). Thickening of the¯oor plate region appeared to occur at the expense of the ventricle, which may possibly be an expansion of the sonic hedgehog expressing¯oor plate domain. Sections through the nervous system of the tadpoles at different anterior/posterior registers were inspected. Apart from the apparent thickening in the¯oor plate region the phenotype of the tadpoles in section appeared normal. Control injected embryos showed no such thickening. In contrast, overexpression of XPcl1 results in thickening of both the roof and¯oor plates of the brain and this phenotype is graded along the anteroposterior axis, being most severe in the forebrain and less severe in the midbrain; this phenotype was only observed in ,15% of embryos (Yoshitake et al., 1999) . The more localized phenotype seen in embryos overexpressing XEZ might therefore re¯ect the more restricted expression of XEZ at later stages. Since Pc-G genes are known to maintain inactivated genes in a silent state and XPcl1 and XEZ overexpression both result in an increase in proliferation or decrease in apoptosis in the neural tube, it seems likely that the phenotype observed in XEZ overexpressing embryos is the result of XEZ acting to repress target genes.
XEZ represses En-2
Having observed phenotypic effects of overexpression of XEZ in the midbrain region, the midbrain-hindbrain junction marker En-2 was chosen to further analyse the role of XEZ in the anterior nervous system and to assess the ability of XEZ to affect the expression of genes that mark the pattern of the anteroposterior neural axis. Uni-lateral injection was decided upon in order to compare left side versus right side. Two-cell stage embryos were co-injected unilaterally with 0.8ng XEZ and FLDX to mark the injected side. Embryos were cultured to late neurula stage (Stage 19) and the injected side recorded. Sorted embryos were then ®xed and subjected to wholemount in situ hybridization with the midbrain-hindbrain junction marker En-2.Repression of expression of En-2 on the side injected with XEZ mRNA was seen in 48% of embryos (Figs. 7A,C, and 8A,B). Occasional embryos showed complete loss of the En-2 expression on the injected side (Fig. 7A) . The level of En-2 expression was scored as repressed on the injected side when it was deemed as being outside the range of normal variation as assessed by analysis of control embryos. In contrast, repression of En-2 on the injected side was observed in only 2% of embryos injected uni-laterally with the¯uorescent tracer FLDX alone. Uni-lateral overexpression of XEZ also resulted in an anterior shift of En-2 expression on the injected side in 20% of embryos (Fig. 7B,  Fig. 8 ). An anterior shift in En-2 expression was observed in only 2% of embryos injected uni-laterally with FLDX alone. This is consistent with an expansion of tissue in the midbrain as identi®ed by histology. Similar results were obtained on repeat of this experiment (data not shown). Although it is possible that the observed shift re¯ects a change in anterior/posterior register in the injected embryos, the relatively low percentage of embryos displaying this phenotype suggests that this is not the case. The effects observed are more likely to be due to mechanical perturbation caused by increased cell numbers in this region. If a change in anterior/posterior register were to occur it would be expected to result in a posterior shift as the domain of expression of XEZ was increased. It was interesting to note that, on comparison of left side versus right side in respect to the gross phenotype, the injected side tended to appear somewhat enlarged and the epidermis seemed rather uneven and disorganised. This was not readily apparent in the sectioned embryos. Overexpression of Pcl1 also results in repression of En-2, but was only observed in 15% of embryos. In contrast, overexpression of Pcl1 results in a posterior shift of En-2, although this was only seen in ,8% of embryos (Yoshitake et al., 1999) . The ability of XEZ to affect the expression of En-2 more strongly may re¯ect the much earlier expression of XEZ in the more anterior elements of the nervous system. A range of neural marker genes was chosen to further investigate the ability of XEZ to affect the expression of genes that mark the pattern of the anteroposterior neural axis. The marker genes chosen were the forebrain marker Otx-2, midbrain-hindbrain junction marker En-2,hindbrain marker Krox-20 (rhombomeres 3 and 5), spinal cord marker Hoxb-9 and the posterior nervous system and posterior mesoderm marker Xcad-3. 1-cell stage embryos were injected with 0.8 ng XEZmRNA, cultured to stage 19 and subjected to RT-PCR. The results show that XEZ does indeed repress En-2 expression but also shows a repression of Krox-20. Other marker genes were not affected (Fig. 8B) . A further round of in situ hybridization was then carried out on stage 19 embryos which had been uni-laterally coinjected with 0.8 ng XEZ mRNA and FLDX (as before), sorted and probed with the neural marker genes. No obvious effects on the level of expression or the anteroposterior speci®cation of Otx-2, Hoxb-9 and Xcad-3 were observed (data not shown).
Summary
We have cloned XEZ, the Xenopus homologue of Drosophila Enhancer of Zeste by a differential display strategy designed to identify genes involved in early anterior neural differentiation. XEZ is very highly conserved between Xenopus and mammals being 96% identical at the amino acid level to both mouse and human EZ(H)2. Unlike in mammals, where EZ(H)2 and other Pc-G genes exhibit ubiquitous expression during early embryogenesis, XEZ is restricted to the anterior neural plate and expression is later restricted to the forebrain, eyes and branchial arches. XEZ was cloned using a strategy designed to identify genes upregulated in ectodermal cells deprived of BMP signalling. Expression of XEZ is highly upregulated in animal caps overexpressing noggin and XEZ expression increases in the embryo during late gastrulation and early neurulation. Up-regulation of XEZ is therefore a response to neural induction in Xenopus.
We have identi®ed En-2 and Krox-20 as targets of XEZ by demonstrating that overexpression of XEZ results in repression of these genes. Whether this repression is direct or indirect is currently unknown. Interestingly, Otx-2 is not repressed by XEZ and might indicate that the function of XEZ in the anterior neural plate is to inhibit posteriorization of anterior neural tissue. Anterior neuronal differentiation is normally delayed in comparison to posterior neuronal differentiation (Papalopulu and Kintner, 1996) and XEZ might be involved in the mechanism that facilitates this delay of differentiation. Furthermore, overexpression of XEZ results in thickening of the¯oor plate region of the Fig. 8 . XEZrepresses En-2. (A) Xenopus laevis embryos were uni-laterally co-injected at the 2-cell stage with XEZmRNA and FLDX. The embryos were cultured to stage 19 and subjected to wholemount in situ hybridisation using the midbrain-hindbrain junction marker En-2 antisense RNA probe. The embryos were scored as having reduced expression of En-2when the level of En-2 staining was lower (or absent) than control embryo normal variation. The embryos showing reduced-expression were also scored for any shift in the anterior or posterior register of the En-2 marker staining relative to the uninjected side. Numbers in brackets are actual numerical scores. (B) XEZ represses En-2, Krox-20 but not other neural markers. Embryos were injected at the 1 cell stage with XEZmRNA, cultured to stage 19 and subjected to RT-PCR. The ®gure shows that the expression of En-2 and Krox-20 are repressed compared to uninjected control, but other neural markers are not affected. EF1a was used as a loading control and the uninjected sample used for linearity input cDNA.
forebrain, a phenotype that may be caused by XEZ enhancing proliferation in the anterior nervous system. Since EZ(H)2 is necessary for proliferation in haematopoietic cells (Fukuyama et al., 2000) and EED represses proliferation in haematopoiesis, it would be interesting to identify Xenopus EED and characterize its role in neural development. Further work will ascertain whether overexpression of XEZ enhances proliferation or decreases apoptosis in the forebrain, and the target genes involved in these processes will be identi®ed.
Experimental procedures
Differential display
Animal caps were removed from stage 9 Xenopus laevis embryos by manual dissection and washed three times in calcium and magnesium free Barth X (CFMF), and disagregated by placing on polyHEMA plates in CFMF. Undisaggregated pigmented cells were removed, only fully disaggregated pigmented and inner epidermal cells were used for sample collection. The ®rst sample was taken after 30 min when the cells were fully disaggregated, and thereafter 13, 112 and 124 h. Total RNA was prepared as described below.150 ml XTB buffer (300 mM NaCl, 20 mM Tris, pH 7.5, 1 mM EDTA, pH 8, 1% SDS) and 45 mg proteinase K (Boehringer) was added to each sample and cells, homogenized by pipetting, were then incubated at 378C for 15 min. Five micrograms glycogen was added, samples were phenol extracted and ethanol precipitated at 2208C for 30 min. Following centrifugation for 20 min in a benchtop microcentrifuge, dried pellets were taken up in 30 ml SP6 transcription buffer (Gibco) containing 10U DNase I (Boehringer) and 10U placental RNase Inhibitor (Boehringer). Samples were incubated at 378C for 15 min, 120 ml of XTB buffer containing 45 mg proteinase K was added and incubated at 378C for an additional 20 min. Following phenol extraction and phenol/chloroform extraction, samples were ethanol precipitated at room temperature for no more than 30 min. After centrifugation in benchtop microcentrifuge for 20 min at 48C, pellets were washed with 70% ethanol, dried and resuspended in 10 ml RNasefree H 2 O. A small portion of each sample was used for spectrophotometric quanti®cation, and 2 mg total RNA used to synthesize ®rst-strand cDNA. Total RNA was combined with 2 mM of the anchor primer [(dT)12A, (dT)12C or (dT)12G] in a total volume of 11.4 ml and incubated at 708C for 10 min, followed by chilling on ice. After addition of 4 ml ®rst strand synthesis buffer (Gibco), 2 ml 100 mM DTT and 1.6 ml dNTPs, samples were incubated at 378C for 10 min. 1 ml Superscript II reverse transcriptase (Gibco) was added, followed by incubation at 378C for 1 hour. Samples were heated at 958C for 5 min, placed on ice for 2 min and stored at 2208C before use in differential display PCR.
Embryo culture and dissection
Embryos were obtained by in vitro fertilisation of hormonally stimulated Xenopus laevis and staged according to Nieuwkoop and Faber (1967) . Standard embryological procedures were used as described by Jones and Woodland (1986) . Embryos were dejellied in 2% cysteine hydrochloride, pH8 and cultured in 1/10 BarthX. Dissected animal caps were cultured in BarthX or Ca 21 and Mg 21 free BX depending on whether disaggregation was required, and staged using whole embryo controls. Whole embryo dissections were performed (Fig. 4, insert) in BarthX using an eyelash knife.
mRNA synthesis and microinjection
The complete XEZ cDNA was removed from pBluescript SK-and cloned into the pCS21 vector at the EcoRI and XhoI sites. XEZ mRNA was synthesized from XEZ/pCS21 plasmid template, linearized by cutting with Sac II, using the mMessage mMachine (SP6 polymerase, Ambion). All micro-injections were carried out with RNA diluted to approximately 25 mg/ml. Approximately 0.8 ng (36 nl) was injected into the one cell embryo or one or two blastomeres at the two cell stage (as speci®ed in the text) of dejellied embryos under 5% Ficoll in BarthX.
RT-PCR
Total RNA from whole embryos was isolated and used for RT-PCR as described by Barnett et al., 1998 . Primers used in this study are shown in Table 1 .
Wholemount in situ hybridization
The wholemount in situ hybridization procedure used was as described in Harland, 1991 . The embryos were ®xed in MEMFA (0.5 M MOPS, pH 7.4, 100 mM EGTA, 1 mM MgSO 4 , 4% formaldehyde) and hybridised with RNA probes produced from cDNA clones. The XEZ antisense probe was transcribed with T7 RNA polymerase from a sub-clone of 1415bp of XEZ in pBluescript KS1. The engrailed antisense probe was transcribed with T3 RNA polymerase from a full-length clone of 1.5Kb in pBluecript KS1 (a gift from A. Hemmati-Brivanlou, Rockefeller University, NY). Probes were synthesized and labelled using a DIG labelling kit (Boehringer) and visualised using anti-DIG-alkaline phosphatase secondary and NBT/ BCIP for the colour reaction according to manufacturer's recommendations (Boehringer).
Histological analysis
Tadpoles were ®xed in MEMFA at Stage 37 and dehydrated in an ascending series of ethanol to 100%. The samples were cleared in Histoclear II (Lamb) and incubated ®rst in 1:1 Histoclear II:Paraplast Xtra (Sigma) at 608C for 30 minutes and then transferred to molten Paraplast Xtra and incubated overnight. The samples were embedded on a cushion of Paraplast Xtra, allowed to cool, sectioned (6 mm) and collected on to subbed slides. The sections were then cleared with Histoclear II and stained using 20% Harris hematoxylin solution (Sigma) and 1% eosin (BHD). 
